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Safety and Quality of Wheat: Addressing Consumer 

Concerns and Perceptions through Science 

Current issues in the media:

• Microbial Load 
- e.g. recent flour recalls (May 2017 flour product recalls 

due to E. coli 0121)

➢ Identify milling and processing solutions 

• Glyphosate Residues
- https://www.wheatworld.org/glyphosate-use-in-wheat/

- EWG report, Prop. 65

➢ Identify strategies to reduce residues and effects on 

quality

• Acrylamide formation
➢ Identify ways to reduce precursors and effects on quality 

https://www.wheatworld.org/glyphosate-use-in-wheat/


Acrylamide: Health Risk in Processed Foods

• Primary precursor is free asparagine, an amino acid found in many 

foods including wheat 

• Selecting genotypes with low amounts of free asparagine would be an 

approach to acrylamide reduction in the final heat-treated wheat 

products

• Reported as a food-borne neurotoxin and 

probable carcinogen 

• Formed during heat processing (e.g. deep 

frying, extruding, baking) through a 

complex mechanism in the Maillard

browning reaction 



Acrylamide formation in baked products

Asparagine Reducing sugars Acrylamide
Heat

In baked products, asparagine is the rate limiting factor



Occurrence of Asparagine in Wheat Grain

• Asparagine is an alpha amino acid 

• Asparagine is important for nitrogen 
accumulation and transportation

• Major form of transporting nitrogen to 
the developing seeds from the leaves 
in plants

• Asparagine is also present in free form 
(not incorporated into protein)

• High amounts of free asparagine may 
also indicate poor gluten strength

Distribution of asparagine in wheat 

proteins

Wheat protein type Asparagine (%)

γ- gliadin 1.3 – 1.47%

α-gliadin 2.54 – 2.68

ω-gliadin 0.75–0.77

low molecular weight glutenin subunits 0.7–1.08

High molecular  weight glutenin subunits 0

Curtis, T. Y., & Halford, N. G. (2016). Reducing the acrylamide‐forming 

potential of wheat. Food and Energy Security, 5(3), 153-164.



Current Study: Asparagine in Canadian Wheat

• Methods:

- 30 bread wheat cultivars; composite of 3 growing 

locations (MB, SK, AB); wholemeal and straight 

grade flour

- Asparagine was extracted, derivatized and 

quantified using UPLC.

- Flour quality was measured by standard 

procedures used at Cigi. 

• Objectives:

- To measure asparagine content in wheats grown in western Canada.

- To evaluate relationships between asparagine content and standard dough and bread 

making quality indices.



Results: Free Asparagine in 30 Canadian Wheat 

Cultivars
• Genotype effect was significant (p < 0.001) 

• Wheat grown in Canada has similar asparagine levels to wheat grown in other parts of 

the world.

• Wholemeal (302 to 700 µg/g) > endosperm flour (116 to 335 µg/g)

Malunga, L., Ames, N., Masatcioglu, T., Salimi Khorshidi, A., Joseph Thandapilly, S., Cuthbert, R., 

Sopiwnyk, E. and Scanlon, M. (2018). Free Asparagine Concentrations in Canadian Hard Red Spring 

Wheat Cultivars. Canadian journal of Plant Science, In Press.

• Content in white flour was highly 

correlated to wholemeal (r = 

0.802, p< 0.001) 

• Weak negative correlations 

between asparagine and a few 

dough strength tests were found.



Red Bars = Wheat cultivars ranking among the top 10 for most 

insured commercial acres across BC, AB, SK, MB in 2018 

(CGC report); these represent almost 60% of the acres and 

have an average asparagine content of 570 µg/g



Free Asparagine Content in Additional Sample Set



New project on asparagine

• Effect of genotype x environment interactions on 

asparagine content of Canadian wheat 

• Effect of fertilization (nitrogen and/or sulphur) on 

asparagine content in Canadian wheat 

• Distribution of acrylamide and assessing factors 

affecting acrylamide formation in bread

• Understanding the correlation between asparagine 

content and wheat quality properties

Collaborators: University of Manitoba; Agriculture and Agri-Food 

Canada, Canadian International Grains Institute, Warburtons



Summary

• Scientific investigations play an important role in improving safety of 

wheat and addressing consumer concerns that impact marketability.

• For example developing strategies to reduce free asparagine in wheat 

can mitigate the risk of acrylamide formation in heat processed foods.

• Results from the asparagine study identify existing varieties with low 

grain asparagine content, showing potential for incorporation into 

breeding programs.

• Ongoing studies will further elucidate genotypic, environmental and 

crop management factors that affect free asparagine accumulation in 

wheat and relationships to quality.
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• Consumers switched from low-fat diets to 

low-carbohydrate and high protein diets.

• New allegations about wheat and wheat 

products bashing gluten, wheat and wheat 

breeding.

• Since 2000, emerging science around the 

health benefits of whole grains was 

translated into dietary guidance in many 

countries.

Today’s Nutritional Trends



Future trend drivers

• The gluten avoidance fad will have an impact for a while and will 

likely diminish. 

• However, there will be a baseline trend for those with celiac 

disease and non celiac gluten sensitivity that will remain and may 

increase. 

• Carbohydrates and protein content/quality in grain-based foods 

will remain as primary trend driver.



• Carbohydrates account for about 

65–75% of the mature wheat 

grain.

• For humans, carbohydrates are 

the major energy source, typically 

accounting for 45–70% of total 

energy intake.

• Cereals are the dominant source 

of carbohydrates in the human 

diet.

• Cereal proteins account for the 

major portion of dietary protein 

intake globally.

• Wheat accounts for largest group 

of plant protein sources in the 

Western diet.

• An increase in demand for plant-

based protein due to favourable 

comparisons with meat-based 

proteins.

Wheat carbohydrates and proteins in nutrition



Protein Quality in Human Nutrition

• When it comes to protein in nutrition, quality is more 

important than quantity.

• Protein quality is defined by its amino acid composition 

and digestibility.

• High quality proteins are those that are readily digestible 

and contain the dietary essential (indispensable) amino 

acids in quantities that correspond to human 

requirements (FAO).

• FAO and WHO adopted the method known as Protein 

Digestibility Corrected Amino Acid Score (PDCAAS) to 

evaluate the protein quality. 



Carbohydrate digestibility

Factors to consider for wheat 

carbohydrates: Glycemic response

• Low digestible carbohydrates are 

preferred for glycemic response.

• High concentration of 

fermentable oli-, di, and mono-

saccharides and polyols 

(FODMAP) may have 

undesirable effects.

• High dietary fibre is a desirable 

trait.



Automated digestive system. Temperature, pH and gastric emptying can be regulated.

Different digestive profiles can be selected based on the experiment (fasting/fed or 

baby/adult or dog/pig).



Treatment with brush 

border enzymes

Dietary 

fibre

Glucose response

Amino acid analysis

TIM1: A dynamic simulator 

of the human digestion

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjk_ayL8OnZAhXs64MKHY_ZBmEQjRwIBg&url=http://www.vivo.colostate.edu/hbooks/pathphys/digestion/smallgut/bbenzymes.html&psig=AOvVaw1zxdjURS0FzrVFpPI2ll4i&ust=1521050284532940
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Wheat: bioactive components

- Dietary Fibre (Insoluble & Soluble) e.g. beta-glucan, arabinoxylan, 

resistant starch

- Improves intestinal health, glucose and lipid metabolism

- Carotenoids e.g. lutein and other pigments

- anti-oxidant 

- Alkylresorcinol

- enzyme inhibitors

- Tocopherols & trienols

- reduce LDL oxidation

- Phytosterols

- cholesterol lowering

- Lignans

- Phyto-estrogenic properties

- Folate, Choline & Betaine

- methyl donors

- Oligo-saccharides

- prebiotic effects

- Magnesium& chromium

- Improves insulin sensitivity

- Polyphenolics e.g. Ferulic acid

- Anti-oxidant

Starchy 

Endosperm

Bran

Amylose

Amylopectin

Proteins

Pentosans

Beta-glucans

Phenolic Acids, 

Lignin

Lignans

Flavonoids

Vitamins

Aromatic Amines

Tannins

Sterols

Germ

Image courtesy of  RG Fulcher 



Bio-accessibility & bioavailability of compounds

Bio-accessible 

fraction 
epithelial cell 

monolayer

UPLC 

analysis



Summary

Screening tools such in vitro digestion assays and model stomach 
systems offer opportunities to evaluate biological functionality 
of wheat components instead of just content.

Wheat as a source of protein

• High protein content

• High extractability

• High digestibility

• High protein solubility

• Wheat as a whole grain food

- High amino acid score i.e

increasing lysine content

Wheat as a source of carbohydrate
• Breeding strategies to modify the 

starch digestibility (natural α-amylase 

and α-glucodisase inhibitors, high 

amylose etc.)

• Processing strategies that can 

decrease digestion rate (food matrix 

structures, sourdough fermentation, 

physical modification of starch)






